Aerodynamic decelerators have been of interest for many years as a means of safely descending payloads through the lower atmosphere at very low speeds. With the advent of high-speed flight and later the "space age 11 , deployable decelerators are oeing used to lessen the speed of re-entry vehicles at supersonic and even hypersonic speeds.
The wind tunnel may be used to advantage in the development of high-speed aerodynamic decelerators. Several tests have been conducted at the von Karman Gas Dynamics Facility (VKF), AEDC and are summarized in Ref. 1 . The most widely used technique for testing decelerators in a wind tunnel is to support the parent body (forebody) model by means of one or more side-mounted struts, leaving the region behind the base of this model unobstructed. The drag on the trailing decelerator is determined using a load cell which may be located in the forebody or outside of the wind tunnel. Because of the high loadings generally encountered in this type of test, the supporting struts are necessarily large and are therefore subject to generate unwanted interference in the forebody wake. Such interference could affect the decelerators' performance and drag characteristics.
A wind tunnel free-flight testing technique (Ref. 2) has been developed at VKF for testing at Mach numbers ranging from 1. 5 through 10. This technique was used to obtain data on a parachute trailing behind a cone-cylinder-flare model at Mach 4. The technique is described and results of this test are reported herein for comparison with data obtained using a double strut support cone-cylinder-flare model. The tests were conducted in the 40-in, supersonic tunnel (Gas Dynamic Wind Tunnel, Supersonic (A)).
SECTION II APPARATUS

WIND TUNNEL
Tunnel A is a continuous, closed-circuit, variable density wind tunnel with an automatically driven, flexible-plate-type nozzle and a 40-by 40-in. test section. The tunnel operates at Mach numbers from 1. 5 to 6 at maximum stagnation pressures from 29 to 200 psia, respectively, and stagnation temperatures up to 300°F (M^, = 6). Minimum operating pressures range from about one-tenth to one-twentieth of the maximum pressures.
MODELS
The parent model used during the tests was a spherical nose, conecylinder-flare. Both the free-flight model and the captive model were of the size shown in Fig. 1 . Two types of parachutes, hyperflo and supersonic glide surface, were utilized during the investigation. The hyperflo parachutes, characterized by a truncated cone design, were constructed with porous roofs and solid-cloth, low porosity skirts. Construction and design details of the hyperflo parachutes are shown in Fig. 2 . The supersonic glide surface parachutes were designed with a rigid conical centerbody at the inlet and a flexible, low porosity, cloth canopy. Details of the design and construction of the parachutes are shown in Fig. 3 During the free-flight phase of the test program, the models were launched from a pneumatically operated launcher. A sketch of the launcher is shown in Fig. 4 . The launcher consists of an aluminum piston which is contained in a stainless steel case and guide. The piston stroke is about 6.5 in. and will launch models at velocities up to 100 ft/sec. The launcher, when used in Tunnel A, is supported on an injection/retraction system (Fig. 5) , which is provided to allow the launching of several models without interrupting the operation of the tunnel. A more detailed description of the launcher system may be found in Ref. 
Captive Tests
The support system for the captive forebody phase of the investigation consisted of a strut spanning the width of the tunnel and mounted to the sidewalls. The tensiometer for measuring parachute drag was housed in a vacuum tank, which was also mounted to the tunnel sidewall. The decelerator support line passed through the model and strut and into the vacuum tank, where it was attached to the tensiometer. Care was taken to duplicate the bridle riser-line attachment used during the free-flight testing. Details of the system are presented in Fig. 6 . 
FREE-FLIGHT TESTS
The basic objective of the free-flight wind tunnel tests was to package the parachute inside the model and then to deploy it in an orderly fashion while the model was in flight. A model scale was chosen so that existing parachutes could be used. The final modelparachute assembly is shown in Fig. 7 , and the sequence of events during chute deployment is shown in Fig. 8 . 
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During each run, model motion was recorded by two high-speed (4000-frames/sec), 16-mm motion-picture cameras. One camera was used to film the total viewing area, and selected frames taken by this camera are shown in Fig. 9 -The second camera was used in conjunction with the tunnel schlieren system and viewed only the tunnel upstream window. 
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All drag data were obtained using motion data recorded with the second camera. With the aid of a film reader, the models' motion time history was obtained, and the model and parachute drag coefficient was determined as Two models of the parent body were launched without the parachute to determine the total drag coefficient (Crj) of the parent model alone. The parachute drag coefficient may then be found as
where C^ is also based on the frontal area of the parachute.
CAPTIVE TESTS
Before each test run, the parachute canopy and suspension lines were packed in a deployment bag, which was then suspended near the base of the parent model by a pull cord routed from the rear of the bag through the tunnel sector. The pull cord was held taut manually during tunnel start, and when the desired test condition was established, a sharp pull on the cord removed the bag. The normal procedure for remotely varying x/d during tunnel operation was not used since all data were obtained with the parachute riser line attached to a bridle (Fig. 6 ) to duplicate the free-flight test configuration.
SECTION IV RESULTS AND DISCUSSION
Two basic parachute configurations, a hyperflo parachute model and a supersonic glide surface parachute model (Config. 74), were tested using the two techniques. Two total canopy porosities, Xt = 5 (Config. 1) and Xt = 15 (Config. 3), were tested for the hyperflo parachute.
Parachute draft data obtained on the hyperflo parachutes are shown in Figs. 10 and 11 . The comparison of the data obtained during the
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captive tests and the free-flight tests for x/d = 4. 9 (Fig. 10) shows the captive model drag to be higher for both values of X^. Figure 11 shows that increasing the parachute trailing distance to about 4. 5 base diameters did not affect the difference in drag obtained by the two testing techniques.
'D, A summary of the parachute's performance is given in Table I . ent is subject to special export reign govejcJHne"nTT5~~er foreign na^.
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ABSTRACT
A technique has been developed for use in the continuous flow, supersonic Tunnel A of the von Karmän Gas Dynamics Facility to obtain drag and performance data on flexible decelerators deployed behind models in free flight. The technique is described, and drag data obtained on two parachute configurations are compared with data obtained using a strut-supported model. 
